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NOZZLE WITH FLO 
NG-EDGE FLAPS 

SUMMARY 

An aerodynamically positioned auxiliary inlet ejector nozzle which is applicable to a 
turbojet engine in a supersonic-cruise aircraft was tested in the 8- by 6-Foot Supersonic 
Wind Tunnel to determine the performance characteristics over a range of free-stream 
Mach numbers from 0 to 1.0.  Room-temperature air was used as the primary and sec- 
ondary fluid. Two different primary throat areas were used: one to simulate both dry 
acceleration and subsonic cruise, and a larger one to  simulate reheat operation. 

The auxiliary inlet doors included both single- and double-hinge types which were 
free -floating either with o r  without synchronization. The secondary shroud had free - 
floating, single -hinge trailing-edge flaps that provided an internal area ratio variation 
from 2.10 to  3. 74 for  the small  primary and from 1.53 to 2.68 for  the large primary. 
The corrected secondary weight flow was generally held constant at a nominal 4 percent 
of the primary flow. A t  some flight conditions, the secondary flow was varied to deter- 
mine its effect on performance. In general, at subsonic-cruise conditions the inlet doors 
and trailing-edge flaps did not float to the optimum thrust condition. For example, at 
Mach 0.90 and a nozzle pressure ratio of 3.2, the gross  thrust coefficient of the floating 
configuration was about 0.87. This configuration was 4 percent lower than a similar noz- 
zle optimized with fixed components. The trailing-edge flaps floated off the inner stops 
and increased the internal expansion. At the same condition, the inlet doors floated about 
half closed. The overall effect was a nozzle that was overexpanded and provided low 
subsonic -cruise efficiency. In addition, the single-hinge trailing-edge flaps were un- 
stable at many of the assumed trajectory flight conditions. At subsonic cruise the insta- 
bility occurred at high frequency (much greater than 24 Hz) with small  amplitude oscilla- 
tion from 1 .2  to 1 .5  percent of the model diameter and frequently caused model damage. 
A t  the higher pressure ratios for  dry acceleration the nature of the instability was low- 
frequency (2 to 5 Hz), large-amplitude oscillation from 4 to  12 percent of the model di- 
ameter and nondestructive. An instability occurred at takeoff with reheat, but was 
eliminated by positioning the inner stop to increase the minimum exit area. This insta- 
bility was high-frequency , small-amplitude oscillation and resulted in model failure. 

Double -hinge inlet doors provided a slightly higher thrust efficiency at subsonic 
cruise than a single-hinge door. However, there was little difference in performance 
whether the doors were synchronized or  not. 



As part  of a current program in airbreathing propulsion, the Lewis Research Center 
is evaluating various exhaust nozzle concepts which a r e  appropriate for  supersonic- 
cruise aircraft .  Ideally, these nozzles should operate efficiently over a wide range of 
flight conditions and engine power settings. Requirements such as these usually neces- 
sitate extensive variation in nozzle geometry, including both the primary nozzle throat 
and shroud exit areas. The performance of a variable flap ejector and a low-angle plug 
nozzle designed for a supersonic-cruise aircraft  is reported in  references 1 and 2. An- 
other nozzle type of interest is the auxiliary inlet ejector (refs. 3 and 4). At low power 
settings the auxiliary inlets open to admit tert iary air to prevent overexpansion of the 
primary jet. Hence, there is a reduced requirement for exit-area variation and a cor re-  
sponding reduction in boattail angle and projected area. 

This report  documents the aerodynamic performance of an auxiliary inlet ejector 
nozzle with both the inlet doors and single-hinge trailing-edge flaps aerodynamically po- 
sitioned. The primary nozzle used in this test simulated the General Electric 585-GE-13 
afterburning turbojet engine currently being used in an F-106B flight test  program at 
Lewis. 

The model has a diameter of 8.50 inches (21.59 cm) and was tested in the Lewis 8- 
by 6-Foot Supersonic Wind Tunnel at free-stream Mach numbers from 0 to 1 .0  and over 
a range of nozzle pressure ratios from 2.0 to 6.0. Secondary weight flow was varied 
from 0 to approximately 15 percent of the primary nozzle weight flow at takeoff and at 
subsonic-cruise Mach numbers. Dry air at room temperature was used for both the pri- 
mary and secondary weight flows. The results from this test are compared with those of 
a s imilar  nozzle which was optimized using fixed inlet doors and flaps. 

n Wind Tunne 

A schematic view of the model support system in the 8- by 6-Foot Supersonic Wind 
Tunnel, showing the internal geometry and thrust-measuring system, is presented in 

figure 1. Symbols are defined in the appendix. The grounded portion of the model was 
supported from the tunnel ceiling by a vertical strut .  The floating portion was attached 
to the primary and secondary air bottles which were cantilevered by flow tubes from ex- 
ternal supply manifolds. The primary air bottle was supported by front and rear bear - 
ings. The secondary air passed through an annulus around the primary nozzle. The ax- 
ial force of the nozzle, which included secondary and tert iary flow effects, was t rans-  
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mitted to the load cell located in the nose of the model. Since the floating portion of the 
model included the afterbody and boattail, the measured force was that resulting from the 
interaction of the internal and external flows. General external flow characteristics of 
this 8.5-inch (21.6-cm) jet-exit model a r e  described in reference 5. 

Thrust-minus-drag measurements were obtained from a load-cell readout of the ax- 
ial forces acting on the floating portion of the model. Internal tare forces determined by 
internal areas, and measured ta re  pressures  located as shown in figure 1, were ac- 
counted for in the thrust  calculation. 

forces to the nozzle and measuring the output of the load cell. A water-cooled jacket 
surrounded the load cell and maintained a constant temperature of 90' F (305 K) to elim- 
inate e r r o r s  in the calibration caused by variations in temperature from aerodynamic 
heating. 

station 122.84 inches (312 cm), figure 1. The force acting on the portion of the nozzle 
between model station 93.65 inches (238 cm) and 122.84 inches (312 cm) was measured 
on the load cell; however, it was not considered to be par t  of the nozzle drag. Its mag- 
nitude was estimated by using the semi-empirical, flat plate, mean skin friction coeffi- 
cient given in figure 7 of reference 6 as a function of free-stream Mach number and Reyn- 
olds number. Previous measurements of the boundary -layer characteristics at the aft 
end of the jet-exit model in the 8- by 6-Foot Supersonic Wind Tunnel (ref. 7) indicated 
that the profile and thickness were essentially the same as that computed for  a flat plate 
of equal length. The strut wake appeared to affect only a localized region near the top of 
the model and resulted in a slightly lower local free-stream velocity than measured on 
the side and bottom of the model. Therefore, the results of reference 6 were used with- 
out correction for three-dimensional flow effects or s t ru t  interference effects. 

The secondary flow ra te  was measured by means of a standard ASME flowmetering 
orifice located in the external supply line. The primary flow was calculated from a pre- 
viously measured flow coefficient at the throat station (ref. 4). Two choke plates and a 
straightening screen were utilized to provide a good profile to the internal flow 

approaching the nozzle inlet. The ideal jet  thrust of the primary flow was  calculated 
from its measured mass-flow rate  expanded from its measured total pressure (P,) to 
free-stream static pressure po. Nozzle gross-thrust  coefficient is defined as the ratio 
of the measured thrust-minus-drag to the ideal thrust  of the primary: 

A static calibration of the thrust-measuring system was obtained by applying known 

The only external friction drag charged to the nozzle was that downstream of model 
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F - D  Nozzle gross-thrust coefficient = - 
F i 7  P 

Various configurations of the nozzle installed in the wind tunnel are shown in figure 
2.  Basic parameters of the auxiliary inlet ejector nozzle are shown in figure 3. A Gen- 
e r a l  Electric J85-GE-13 primary nozzle was simulated for this test, as shown. Two dif- 
ferent primary throat areas were used. The small  throat area was used to simulate dry 
acceleration and subsonic cruise.  The larger area simulated reheat operation. Addi- 
tional details of the simulated 585 primary nozzles are shown in figure 4. As  mentioned 
ear l ier ,  primary weight flow was calculated using the measured values of the discharge 
coefficient listed for the two primary a reas .  The variable primary nozzle actuating 
mechanism blockage was simulated by a ring containing 12 slots.  Secondary air was di- 
verted through these slots by means of a deflector to simulate primary flap cooling air. 

Details of the auxiliary inlets are shown in figure 5. Two types of auxiliary inlets 
were tested: double -hinge doors as shown in figure 5 (a) and single -hinge doors as shown 
in figure 5(b). Each auxiliary inlet configuration contained 16 doors and 16 equally 
spaced r ibs .  The single-hinge doors were tested free-floating both synchronized and un- 
synchronized. The double -hinge doors were also tested f ree  -floating synchronized and 
unsynchronized with the angle of the second inlet ramp restrained to be twice the angle 
of the initial ramp. One additional double-hinge configuration was tested in which un- 
synchronized doors were used with no restraint  on the relation between the first and sec-  
ond ramp angles. 

The aerodynamically positioned, trailing-flap section consisted of 16 overlapping 
single -hinge flaps (fig. 6). The projected boattail a r ea  varied from 44 percent (fully 
closed position) to zero percent (fully open) of the simulated nacelle a rea  Am%. The 
inner stops were positioned such that the trailing-flap exit area (station 9) was always 
greater than the secondary-shroud minimum area .  The variation of internal area ratio 
Ag/A8 is given in figure 7 as a function of the boattail angle p for both primary nozzles. 

The instrumentation at station 7 (nozzle inlet station) and the static-pressure or i -  
fices on the primary nozzle a r e  shown in figures 8(a) and (b). The secondary passage 
base (upstream of the primary nozzle boattail) static orifices were located circumferen- 
tially at loo, looo, 190°, and 280'. A row of four static-pressure orifices were located 
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on the primary nozzle boattail at 90'. In addition, a single orifice was located on the 
primary nozzle base, also at 90". One static-pressure orifice was also located at 0' on 
the outer surface of the ring simulating the actuation mechanism blockage. The primary, 
secondary, and tert iary total pressures  were obtained from total-pressure probes lo- 
cated as shown in figures 8(b) and (e). A row of static-pressure orifices were located at 
90' on the flap internal surface and at 180' along the external boattail (fig. 8(c)). An ex- 
ternal row of static-pressure orifices was located on the door at 180' (fig. 8(d)). 

Pr imary -total-pressure profiles of the internal flow entering the primary nozzle a r e  
shown in figure 9. As expected, the profiles were relatively flat with both primary noz- 
zles. The nozzle inlet total pressure P7 was obtained by integrating the pressure across  
an area-weighted rake located in the primary flow passage at station 7. The flow was 
assumed to be circumferentially uniform. 

rocedu re 

Nozzle performance was obtained over a range of f ree-s t ream Mach numbers and 
nozzle pressure ratios. For several  of the figures, results a r e  presented with the as- 
sumption of a nozzle pressure ratio schedule appropriate for a turbojet engine cycle (fig. 
10). At  a given Mach number the nozzle pressure ratio was varied around the value 
shown by changing the nozzle inlet total pressure.  Secondary weight flow was varied 
from 0 to 15 percent of the primary flow at takeoff and over a range of subsonic-cruise 
Mach numbers. The results herein a r e  compared with those of a similar nozzle which 
was optimized using fixed inlet doors and flaps. The position of the free-floating doors 
and flaps was measured from motion-picture films taken during the test. The instabil- 
ity conditions were observed during the test  and from the fi lms taken. 

The performance of the nozzles over the trajectory specified in figure 10 is pre-  
sented initially in figures 11 to 16 for a nominal secondary-weight-flow ratio of 4 

percent. Some of the more pertinent instability points are summarized in figure 17. 
Then the effect on performance of variations in nozzle pressure ratio and secondary flow 
is presented in figures 18 to 21 for all the configurations tested. 
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Performance Comparisons for Assumed Flig 

At subsonic cruise the performance obtained with aerodynamically positioned doors 
and flaps was generally less than that obtained for a s imilar  nozzle with fixed components 
(fig. l l ( a )  and (b)). For example, at Mach 0.90 with the single-hinge doors (fig. l l (a)) ,  
the gross  thrust coefficients were approximately 0.84 and 0.89 for the nozzle with float- 
ing and fixed components, respectively. The gross thrust coefficients for the double- 
hinge door configuration at Mach 0.90 were approximately 0.87 for the nozzle with float- 
ing components and about 0.91 for the nozzle with fixed components (fig. 11(b)). Peak 
performance at these flight conditions with fixed hardware was obtained with the trailing- 
edge flaps on the inner stops (minimum As) and the inlet doors nearly full open: as shown 
in figures ll(a) and (b) from the resul ts  presented in reference 4. The resul ts  presented 
herein indicate that the inlet doors and trailing-edge flaps did not float to the maximum 
thrust  position. With external flow, the trailing-edge flaps generally floated off the inner 
stops at low pressure ratios and increased the internal expansion. At  the same time, the 
inlet doors were partially closed and reduced the flow of tertiary air that is required to 
prevent the overexpansion of the primary jet. Although the primary flow is separated 
from the shroud at this condition, the overall effect was a nozzle that was overexpanded 
with a corresponding loss  in gross  thrust coefficient. There was little difference in per- 
formance whether the doors were synchronized or not. The secondary total pressure was 
slightly less than free -stream static pressure.  In contrast, the secondary total p ressure  
obtained with the hardware fixed for maximum thrust was always greater  than free- 
s t ream static pressure,  indicating higher pressures  in the primary nozzle base region. 

where static resul ts  are compared to those at Mach 0.90 for  a nozzle pressure ratio of 
about 3.20. The overall effect was a 14-percent loss in  gross  thrust  coefficient when 
compared with static performance at approximately the same pressure ratio. With ex- 
ternal flow, the trailing-edge flaps float off the inner stops, thereby increasing the in- 
ternal  area ratio. The inlet doors floated partially closed. The resulting overexpansion 
of the nozzle is evident in the static-pressure variations shown in figure 12. The pres-  
sures are particularly low on the internal rearward-facing surface of the secondary 
shroud ahead of the trailing-edge flap. The overall performance is further degraded by 
the external boattail and inlet door drag. 

The performance of the synchronized and the unsynchronized single -hinge inlet door 
configurations is shown in  figure 13 f o r  the assumed trajectory. There was little 

difference in performance whether the inlet doors were synchronized or not. The 
trailing-edge flaps were on the inner stops at takeoff and during dry acceleration. How- 
ever,  at subsonic-cruise conditions with the pressure ratio reduced, the flaps float open, 
as mentioned previously. This configuration would not pump 4-percent cooling flow at 

The effect of external flow on nozzle pressure distribution is shown in figure 12, 
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takeoff conditions. However, the pumping characterist ics (in figs. 20 and 21) indicate 
that it can pump some smaller  amount of cooling flow at takeoff, of the order  of 2 to 3 
percent of the primary flow. 

The conclusions obtained for the single -hinge door configurations also generally ap- 
ply to the three double-hinge door configurations that were tested (fig. 14). Synchroniza- 
tion had little effect on performance. The trailing-edge flaps again floated off the inner 
stops when the pressure ratio was reduced for  subsonic cruise.  

A s  shown in figure 15 for  subsonic-cruise conditions, the double-hinge inlet door 
configuration provided a slightly higher thrust efficiency than the single-hinge inlet door. 

Reheat acceleration data presented in figure 16 were only obtained for  one double- 
hinge inlet door configuration. Floating performance was slightly better than that meas- 
ured with the fixed hardware (ref. 4). In the previous tes t  the flaps were fixed on the in- 
ner stops (ref. 4) and it was observed that high pressures  existed internally on the con- 
verging trailing-edge flaps, with a resultant loss  in internal performance. These higher 
pressures  caused the flaps of the current model to float off the inner stops and reduced 
both the convergence of the flaps and the internal losses.  As predicted with the fixed 
hardware, the inlet doors were closed at Mach numbers from 0.60 to 0.95. The pump- 
ing characterist ics obtained with the floating hardware were quite s imilar  to  those ob- 
tained with the fixed components. 

In addition to the low performance obtained at subsonic cruise with the floating hard- 
ware, the single-hinge trailing-edge flaps were unstable at many of the assumed t ra jec-  
tory conditions. A l l  measured instability points are identified on the general perform- 
ance figures (figs. 18 to  21) with tailed symbols. The instabilities occurring at a nomi- 
nal 4-percent corrected-secondary -weight-flow ratio are summarized in figure 17 and 
compared with the trajectory conditions. These instabilities were observed and photo- 
graphed during the test program. However, the cycles per second of the high-frequency 
instabilities were well beyond the range of the 24-frame-per -second camera used during 
the test. In general, the instabilities can be classified into two groups. The instability 
observed at subsonic-cruise conditions was characterized by high-frequency (much 
higher than 24 Hz), small-amplitude oscillations from 1 .2  to 1.5 percent of the model 
diameter that generally resulted in damage to the model. The flaps were off the inner 
stops when the instabilities were encountered. At this condition the nozzle was generally 

operating at a low pressure raL 3 (P7/p, < 4.0),  while the internal expansion was large 
&/A8 2 2.4). As  shown in the ~ ressure  distribution in figure 12, the flow overexpands 
in the initial par t  of the secondary shroud, separates from the walls, and shocks back to 
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ambient pressure.  This condition when encountered with floating flaps can cause an in- 
stability problem. This type of aeroelastic instability has been observed before and was ~ 

described in detail in reference 8, as "high-area-ratio separation buffeting. '' 
A second type of instability observed in this test was a l so  discussed rather  thor- 

oughly in reference 8 as "low-area-ratio vibration. '' This instability occurred at the 
pressure ratios for dry acceleration and was characterized by low-frequency (2 to 5 Hz), 
large amplitude oscillations varying from 4 to 12 percent of the model diameter that gen- 
erally were nondestructive to the model. At pressure ratios slightly below this flight 
condition, the flaps were on the inner stops and were stable. In this condition the maxi- 
mum secondary shroud a rea  occurs between the throat and exit station, resulting in  a 
converging-diverging nozzle followed by convergence in the flap section. A s  discussed in 
reference 8, the instability occurs at higher pressure ratios when the recompression of 
the internal attached flow makes a sudden transition from a normal shock to an oblique 
shock as pressure ratio is increased slightly. This transition, which was observed in  
the present test  to be very abrupt, caused the nozzle flaps to open suddenly (off the inner 
stops) and then oscillate at a low frequency (2 to 5 Hz). Static-pressure measurements 
along the flap section with fixed hardware (ref. 4) clearly indicated the large change in  
flap pressures  that can occur during this transition with a slight change in nozzle pres- 
sure  ratio. 

One other unstable point was observed at takeoff with the large reheat primary. This 
instability was high-frequency (greater than 24 Hz), small-amplitude (oscillation varying 
from I.  2 to 1 . 5  percent of the model diameter) and resulted in a failure of the trailing- 
edge flaps. This instability was eliminated by increasing the minimum area-rat io  of the 
nozzle from 1 . 4 7  to 1.53. 

Al l  the auxiliary inlet door configurations were stable with the exception of the 
double-hinge unsynchronized doors with no restraint  on the relation of first and second 
ramp angles. These inlet doors oscillated rather  frequently at all Mach numbers above 
static conditions. However, the oscillation did not result  in damage to the model. The 
unsynchronized door Configurations had some unsymmetrical door movement with exter - 
nal flow. 

e Pressure Ra o Performance Characteristics 

The effect of nozzle pressure rat io  on nozzle gross  thrust coefficient, pumping char-  
acterist ics,  and boattail angle is presented in figures 18 and I9  for the single- and double 
hinge inlet door configurations, respectively. Data are presented over the range of Mach 

numbers tested for both the small  and large primary with a nominal corrected-secondary- 
weight- flow rat io  of 0.04. In general, with the small  primary, external flow caused a 
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substantial loss in gross  thrust coefficient, especially at the lower values of nozzle pres- 
sure  ratio. At these same conditions, the floating flaps were generally off the inner 
stops, the inlet doors were partly closed, and the nozzle was overexpanded. The float- 
ing flaps were only on the inner stops at static conditions and at nozzle pressure ratios 
greater than 4 .5  or 5.0. Two tailed symbols at a given pressure ratio indicate the mag- 
nitude of the flap deflection during an unstable condition. The secondary total pressure 
was generally equal to free-stream static pressure at the lower pressure ratios and 
slightly higher at pressure ratios greater than 4.0. Pumping characterist ics were gen- 
erally independent of external flow effects. 

External flow effects were generally smal l  for  the large primary nozzle (fig. 19(d)), 
Pumping characterist ics again were not affected by external flow and the secondary total 
pressures  were higher than free-s t ream static pressure.  In most cases ,  the trailing- 
edge flaps were nearly closed but were start ing to open at the higher values of nozzle 
pressure ratio.  The inlet doors were also nearly or fully closed. 

of Corrected Secondary Weight F ow o n  Performance Charade  

The effect of corrected-secondary-weight flow ratio on nozzle gross  thrust coeffi- 
cient, pumping characterist ics,  and boattail angle is presented in figures 20 and 21 for 
the single - and double -hinge inlet door configurations, respectively. Data are presented 
for several  f ree-s t ream Mach numbers at a pressure ratio near the assumed trajectory 
value. For two configurations (figs. 20(a) and 21(a)), the ram drag of the secondary flow 
was subtracted from the measured thrust-minus-drag at Mach numbers of 0.85 and 0.90. 
These results indicate that the equivalent gross  thrust coefficient 

was not improved with addition of secondary flow. In some cases the addition of second- 
a ry  flow reduced the nozzle boattail angle but had little effect on inlet door position, ex- 
cept for the large primary at static conditions (fig. 21(d)). At this condition the addition 
of secondary flow pressurized the primary nozzle base region causing the inlet doors to 
move from a full open to  an  in-travel condition. It was also observed that secondary 
flow had no effect in reducing or  eliminating trailing-edge-flap instabilities. 

iP 

An experimental investigation was conducted to determine the performance character - 
ist ics of an aerodynamically positioned auxiliary inlet ejector nozzle which is applicable 
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to  a supersonic-cruise aircraft .  The nozzle performance was obtained over a range of 
f ree-s t ream Mach numbers from 0 to 1.0 and nozzle pressure ratios from 2 to 6. Two 
different-size primary throat a r eas  were used: a smal l  throat to simulate both subsonic 
cruise and dry acceleration, and a large throat to  simulate reheat acceleration. The aux- 
iliary inlet doors included both f ree  -floating single- and double-hinge types that were 
either synchronized or unsynchronized when tested. The secondary shroud had free - 
floating, single-hinge trailing-edge flaps that provided an internal-area-ratio A g/A8 
variation from 2.10 to 3.74 for the small  primary and from 1.53 to  2.68 for the large 
primary. The corrected secondary weight flow was generally held constant at 4 percent 
of the primary flow. However, at some flight conditions the secondary flow was varied to 
determine its effect on performance. The following results were obtained for an assumed 
turbojet trajectory and a nominal corrected secondary flow of 4 percent of the primary 
flow: 

1. The single-hinge, trailing-edge flaps were unstable at many of the assumed tra- 
jectory flight conditions. At subsonic cruise the characterist ic of the instability was high- 
frequency (greater than 24 Hz), small-amplitude oscillation varying from 1.2 to 1 .5  per- 
cent of the model diameter and several  t imes resulting in model damage. At the higher 
nozzle pressure ratios for  dry acceleration, the nature of the instability was low- 
frequency (2 to 5 Hz), large-amplitude oscillation varying from 4 to  1 2  percent of the 
model diameter and nondestructive. An instability occurred at takeoff with reheat, but 
was eliminated by positioning the inner stops to increase the minimum exit area. The in- 
stability was of high-frequency, small-amplitude oscillation and resulted in model 
failure. 

thrust  condition. For example, with double-hinge doors at subsonic cruise,  Mach 0.90, 
and a nozzle pressure ratio of 3.2, the gross  thrust coefficient of the floating configura- 
tion was approximately 0.87. This value was about 4 percent lower than that determined 
for a s imilar  nozzle with fixed inlet doors and flap. 

3. External flow caused a substantial loss  in nozzle gross  thrust coefficient at the 
subsonic-cruise pressure ratio. For example, at Mach 0.90, and pressure ratio of 3.2, 
the trailing-edge flaps floated off the inner stops and increased the internal expansion. 
At the same condition the double-hinge inlet doors floated about half closed. The overall 
effect was a 14-percent loss in gross  thrust coefficient compared with static performance 
at nearly the same pressure ratio. 

4. There was little difference in performance whether the doors were unsynchronized 
or synchronized. 

2. In general, the inlet doors and trailing-edge flaps did not float to the maximum 
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5.  Double-hinge inlet doors provided a slightly higher gross  thrust coefficient than 
the single-hinge inlet doors. 

Lewis Research Center, 
National Aeronautics and Space Administration, 

Cleveland, Ohio, September 23, 1970, 
720-03. 
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A a rea  

nozzle flow coefficient % 
D drag 

d diameter 

outside diameter of primary nozzle base de 
F thrust 

nozzle gross thrust  coefficient F - D  

Fi, P 

(F - D) - msvo 
- equivalent gross  thrus t  coefficient (equates duel-flow nozzle to a 

single-flow nozzle) .F 
i, P 
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Y 
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axial distance from nozzle throat (station 8) to nozzle exit (station 9) 

primary nozzle flap length 

Mach number 

mass-flow rate 

total pressure 

static pressure 

radius of primary airflow passage at station 7 

radial distance from center of primary airflow passage at station 7 
to local orifice 

axial distance from nozzle throat to minimum shroud diameter 

total temperature 

velocity 

weight -f low rate  

primary nozzle flap angle, deg 

boattail angle, deg 

door position, deg 

circumferential position measured clockwise from top of model, deg 
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Subscripts : 

i 

1 

max 

P 

r 

S 

S 

ter 

1 

2 

Stations : 

0 

7 

8 

9 

corrected-secondary-weight-flow ratio ( ws/w P 

ideal 

local 

nacelle 

primary 

radial distance from center of primary airflow passage at station 7 to 
local orifice 

shroud 

secondary 

tert iary 

upstream door 

downstream door 

free s t ream 

nozzle inlet 

nozzle throat 

nozzle exit 
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Figure 1. - Nozzle support model and th rus t  measuring system. (Dimensions are in inches (cm).) 
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( a )  Single-hinge doors with f lats closed. (b )  Double-hinge doors with flaps open. 

( c )  Overall view of model installed in  8- by 6-Foot Supersonic Wind Tunnel. 

Figure 2. - Aerodynamically positioned auxi l iary in le t  ejector nozzle. 
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Figure 3. - Basic parameters for  auxi l iary in let  ejector nozzle. 
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Figure 4. - Details of simulated J85-GE-13 primary nozzle. (Dimensions are in inches (cm).) 
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(a) Double-hinge door. 

Figure 5. - Details of auxi l iary inlets. (Dimensions are in inches (cm).). 
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(b) Single-hinge door. 

Figure 5. - Concluded. 
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Figure 6. - Details of single-hinge trailing-edge flap. (Dimensions are in inches (cm).) 
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Figure 7. -Var iat ion of internal  expansion 
ratio with boattail angle. 

21 



Station 125.22 (318.06) r Simulated J-85 primary nozzle 

r Primary shroud (two) 

r Static pressure orif ice 

for details at station 7) 

1.323 

,- 0.961 
(2.441) 

0.945 

Small pr imary Large pr imary 

(a) Secondary a i r  and primary nozzle 

Figure 8. - Nozzle instrumentation details. (Dimensions are in inches (cml.) 
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Figure 8. - Continued. 
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Figure 8. - Continued. 
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Figure 10. - Schedule of turbojet nozzle pressure ratio wi th free-stream Mach number. 
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0 1 4  = 0.04. 

.6 .8 1.0 

27 



D Static-pressure ratio, pi/po 
Total-pressure ratio, Pi/po 

(a) Free-stream Mach number, Mo = 0; nozzle pressure ratio, P7lpo = 3.24; corrected-secondary-weight-flow 
ratio, ufi = 0.039; boattail angle, p = 14"; door angle, 6 = 8'-16'; nozzle gross th rus t  coefficient, 
(F - D)/Fi, 1.00. 

(b) Free-stream Mach number, Mo = 0.90; nozzle pressure ratio, P7lpo = 3.15; corrected-secondary-weight-flow 
ratio, ufi = 0.044; boattail angle, p = 8'; door angle, 6 = 5"-10°; nozzle gross th rus t  coefficient, (F - D)/Fi, = 
0.86. 

Figure 12. - Effect of external flow on  auxi l iary in let  ejector nozzle pressure distribution. Double-hinge synchro- 
nized doors (211). 
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Figure 17. -Nozzle trailing-edge-flap instabilities over the  fl ight trajectories with 
a nominal corrected secondary weight flow of 4 percent. 
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Figure 19. -Continued. 
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